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Abstract 



PURPOSE:To obtain a topcoating composition which gives a thermosetting coating film excellent in the 
balance between the retention of water repellency and tight adhesion in recoating, by mixing a carboxylated 
acrylic polyol, an acrylic copolymer having a specified alkoxysiiyl group, a reactive organopolysiloxane, and 
an epoxy resin. 

CONSTITUTION:The composition comprises a carboxylated acrylic polyol, an acrylic copolymer having an 
alkoxysiiyl group of the formula (wherein R<1> is 1-1 0C alkyl or phenyl; R<2> is H or a monovalent 
hydrocarbon group selected from 1-1 0C alkyl, 1-1 0C aryl and 1-10C aralkyl; and a is 0, 1 or 2), a reactive 
organopolysiloxane, and an epoxy resin. 
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(57) [Abstract] 

[Constitution] Thermosetting overcoat paint composite comprised of (A) an acrylic polyoi that 
has a carboxyl group, (B) an acrylic copolymer that has an alkoxysilyl group, (C) an 
organopolysiloxanc that has a reactive functional group, and (D) an epoxy resin. 

[Effects] By coating the composite described above on a coating object, this forms a coating film 
that has a superior balance in physical properties between retention of water repellence and 
recoating density. 

[Claims] 

[Claim 1] Thermosetting overcoat paint composite so characterized that it is comprised of 

(A) an acrylic polyoi that has a carboxyl group, 

(B) an acrylic copolymer that has an alkoxysilyl group represented by the following formula, 

(C) an organopolysiloxane that has a reactive functional group, and 

(D) an epoxy resin, 
[Chemical 1] 

[see original for chemical] 

(where R 1 is an alkyl group with 1 to 10 carbon atoms or a phenyl group, R 2 is a hydrogen atom 
or a monovalent hydrocarbon group selected from a group comprised of alkyl groups with 1 to 
10 carbon atoms, axyl groups with 1 to 10 carbon atoms, and aralkyl groups with 1 to 10 carbon 
atoms, and a is 0, 1, or 2) 

[Claim 2] Thermosetting overcoat paint composite described in Claim 1 so characterized that the 
above-mentioned component (A) has a hydroxy 1 group value of 10 to 300 mg KOH/g and a 
number average molecular weight of 1,500 to 40,000. 

[Claim 3] Thermosetting overcoat paint composite described in Claim 1 or 2 so characterized 
that the above-mentioned component (B) is a copolymer that contains 5 to 90 wt% monomer 
units that contain alkoxysilyl groups comprised by having an intramolecular duple bond and an 
alkoxysilyl group. 

[Claim 4] Thermosetting overcoat paint composite described in any of Claims 1 to 3 so 
characterized that the above-mentioned component (C) is a compound that has a reactive 
functional group on an end group and/or side chain. 

[Claim 5] Thermosetting overcoat paint composite described in any of Claims 1 to 4 so 
characterized that the above-mentioned component (D) is a resin that has at least two epoxy 
groups per molecule. 

[Claim 6] Thermosetting overcoat paint composite described in any of Claims 1 to 5 so 
characterized that the use ratio of the above-mentioned component (D) is 1 to 100 parts by 
weight per 100 parts by weight total weight solid resin parts of the above-mentioned component 
(A) and the above-mentioned component (B). 
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[Detailed Specifications] 
[0001] 

[Field of Industrial Use] 

This invention pertains to a thermosetting overcoat paint composite. More particularly, 
this invention pertains to a thermosetting overcoat paint composite that can be used ideally as an 
overcoat paint on objects such as building facings, automobiles, industrial machinery, steel 
furniture, electrical appliances, and plastic parts. 

[0002] 

[Prior Art and Problems that the Invention is to Solve] 

Thermoplastic paints such as alkyd melamine resin paints, acrylic melamine resin paints, 
and epoxy melamine resin paints are known in prior art. 

[0003] 

Because these paints use volatile melamine as a polyol cross-linking agent, odor caused 
by byproducts is considered a problem. 

[0004] 

In addition, the above-mentioned paints that have melamine as a cross-linking agent are 
not yet satisfactory in terms of retention of water repellence (contact angle with water) and 
weather resistance. 

[0005] 

As a result, most recently, especially in applications such as automotive paints, 
development is anticipated of high-performance paints that have superior maintenance-free 
water-repellence — that is, retention of water repellence — and weather resistance from the 
standpoint of conserving resources and conserving energy. 
[0006] 

Therefore, paint comprised of a blend of polyol and polymer that contains a hydrolyzable 
silyl group is offered that is cross-linked by a completely different mode than cross-linking 
polyol by melamine in prior art and has superior physical properties such as weather resistance, 
chemical resistance, and solvent resistance (see Japan Unexamined Patent No. 1-141952). 

[0007] 

However, this paint has the problem that it has a poor overall balance in physical 
properties between water repellence retention and recoating density. 

[0008] 

This invention was developed upon reflecting on the present situation. Its purpose is to 
offer a thermosetting overcoat paint composite that can form a coating film that has a superior 
balance in physical properties between water repellence retention and recoating density. 
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[0009] 

[Means of Solving the Problems] 

That is, the thermosetting overcoat paint composite of this invention is comprised of 

(A) an acrylic polyol that has a carboxyl group (hereafter called "carboxyl group containing 
acrylic polyol" or simply "component (A)**)> 

(B) an acrylic copolymer that has an alkoxysilyl group represented by the following formula 
(hereafter called "alkoxysilyl group containing acrylic copolymer" or simply "component (B)")» 

(C) an organopolysiloxane that has a reactive functional group (hereafter simply called 
"component (C)") 3 and 

(D) an epoxy resin (hereafter simply called "component (D)"). 

[0010] 
[Chemical 2] 

[see original for chemical] 

(where R 1 is an alkyl group with 1 to 10 carbon atoms or a phenyl group, R 2 is a hydrogen atom 
or a monovalent hydrocarbon group selected from a group comprised of alkyl groups with 1 to 
10 carbon atoms; aryl groups with 1 to 10 carbon atoms, and aralkyl groups with 1 to 10 carbon 
atoms, and a is 0, 1 , or 2) 

[0011] 

(A) Carboxyl group ponfaining agrrKc polypi 

Component (A) in this invention is for realizing physical properties such as hardness and 
solvent resistance in the cured product after baking. Because its main chain is comprised 
substantially of an acrylic copolymer, the resulting cured product has superior properties such as 
weather resistance, chemical resistance, and moisture resistance, 

[0012] 

Carboxyl group containing acrylic polyols that can be used in this invention are obtained, 
for example, by copolymerizing compounds such as hydroxyl group containing polyraerizable 
vinyl compound [al], carboxyl group containing polymerizable vinyl compound [a2], or 
(meth)acrylic acid (meaning acrylic acid and methaciylic acid; likewise below) derivative [a3]. 

[0013] 

Examples of hydroxyl group containing polymerizable vinyl compound [al] in this case 
include 2-hydroxyethyl (meth)acrylate, 1-hydroxypropyl (meth)acrylate, 2-hydroxypropyl 
(meth)acrylate, 2-hydroxyethyl vinyl ether, N-methylol (meth)aciylamide, Acronic 5700 
manufactured by Toa Synthetic Chemical Industries, and HE-10, HE-20, HP- 10, and HP-20 
manufactured by Nippon Shokubai Kagaku Kogyo (all of the above are acrylic ester oligomers 
that have an end group hydroxyl group); the Bremmer PP series (polypropylene glycol 
methacrylate), Bremmer PE series (polyethylene glycol monomethacrylate), Bremmer PEP 
series (polyethylene glycol polypropylene glycol methacrylate), Bremmer AP-400 
(polypropylene glycol monoacrylate), Bremmer AE-350 (polyethylene glycol monoacrylate), 
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Bremmer NKH-5050 (polypropylene glycol polytrimethylene monoacrylate), and Bremmer 
GLM (glycerol monomethacrylate) manufactured by Nippon Oil and Fats; and e-caprolactone- 
modified hydroxyalkyl vinyl monomers obtained by reacting a hydroxyl group containing vinyl 
compound and e-caprolactone. 

[0014] 

Of these, and e-caprolactone-modified hydroxyalkyl vinyl monomers are ideal because 
they can impart more superior shock resistance and flexibility to paint film. 
[0015] 

Representative examples of such and e-caprolactone-modified hydroxyalkyl vinyl 
monomers are vinyl monomers represented by the following formula: 
[0016] 

[Chemical 3] 

[see original for chemical] 
(where R is a hydrogen atom or methyl group, and n is an integer from 1 to 8) 
(where R is a hydrogen atom or methyl group, and n is an integer of 1 or greater) 
[Translator's Note: the first parenthetical comment appears as the lower part of the graphic; the 
second appears in the printed text] 

[0017] 

Examples of commercial vinyl monomer products represented by the above formula _ 
include PlaccelFA-1 (R = H,n = 1), Placcel FA-4 ^ = H, n = 4 )' P ^ffL F ^ '\^^ n=2^ 
1), and Placed FM-4 (R = CH 3 , n = 4) manufactured by Daicel, and TONE M-l 00 (R - H, n 2) 
and TONE M-201 (R = CH,n= 1) manufactured by UCC. 

[0018] 

These hydroxyl group containing polymerizable vinyl monomers may be used as one 
type alone or two or more types together as required. 

[0019] 

Concrete examples of carboxyl group containing polymerizable vmyl compound [a2] are 
half-esters of <x,P-ethylene unsaturated carboxylic acids such as acrylic acid, methacryhc acid, 
itaconic acid, maleic acid, or tumaric acid or their anhydrides and straight-chain or branching 
alcohols with 1 to 20 carbon atoms. 
[0020] 

(Methiacrylic acid derivative [a3] that is copolymerizable with hydroxyl group 
eonuJS P * } !S» W , vinyl compounds is not subject to special reactions, and concrete 
examples include hydroxyalkyl esters of a,P-ethyIene unsaturated carboxylic acids such as 
methyl (meth)acrylate, ethyl (meth)acrylate, n-butyl (meth)acrylate, isobutyl (meth^acrylate, 2- 
ethylhexyl (meth)acrylate, stearyl (meth)acrylate, benzyl (meth)acrylate, cyclohexyl 
(meth)acrylate, trifluoroethyl (meth)acrylate, pentafluoropropyi (meth)acrylate, 
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perfluorocyclohexyl (meth)aciylate, (meth)acrylonitrile, glycidyl (methjacrylate, 
dimethylaminoethyl (meth)acrylate, diethylarainoethyl (meth)acrylate, (meth)acrylamide, a- 
ethyl (meth)acrylamide, N-butoxymethyl (meth)acrylamide, N,N-dimethyl (meth)acrylamide, N- 
metbyl acrylamide, acryloyl morpholine, N-methylol (meth)acrylamide, the macromonomers 
AS-6, AN-6, AA-6, AB-6, and AK-5 manufactured by Toa Synthetic Chemical Industries, and 
hydroxyalkyl esters of (meth)acrylic acid; phosphoric ester group containing vinyl compounds 
that are condensation products of phosphoric acid or phosphoric esters; and (meth)acrylates that 
contains a urethane bond or siloxane bond. 

[0021] 

The carboxyl group containing acrylic polyol of component (A) may contain a part 
formed by a urethane bond or siloxane bond on the main chain within a range that does not 
exceed 50 wt% (hereafter abbreviated "%"), and may contain a part derived from monomers 
other than (meth)acrylic acid derivatives, also within the same range. 

[0022] 

There are no restrictions on monomers other than (meth)acrylic acid derivatives, and 
concrete examples include aromatic hydrocarbon vinyl compounds such as styrene, a-methyl 
styrene, chlorostyrene, styrene sulfonate, or vinyl toluene; vinyl esters and allyl compounds such 
as vinyl acetate, vinyl propionate, or diallyl phthalate; amino group containing vinyl compounds 
such as vinylpyridine or aminoethyl vinyl ether, amido group containing vinyl compounds such 
as itaconic diamide, crotonamide, raaleic diamide, fumaric diamide, orN-vinylpyrrolidone; and 
other vinyl compounds such as methyl vinyl ether, cyclohexyl vinyl ether, vinyl chloride, 
vinylidene chloride, chloroprene, propylene, butadiene, isoprene, fluoroolefin maleimide, N- 
vinyl imidazole, or vinyl sulfonate. 

[0023] 

For the synthesis method of component (A), solution polymerization using a peroxide 
type radical initiator such as t-butyl peroxyacetate or an azo type radical initiator such as 
azobisisobutyronitrile is preferred on the point that synthesis is easy. 

[0024] 

In solution polymerization, as required, molecular weight may be adjusted using a chain 
transfer agent such as n-dodecyl mercaptan, t-dodecyl mercaptan, or n-butyl mercaptan. In 
addition, the solvent used in solution polymerization is not subject to special restrictions so long 
as it is a solvent that is inert to the base material monomers. 

[0025] 

Component (A) also may be a nonaqueous dispersion type in which insoluble polymer 
grains are dispersed in a nonpolar organic solvent such as heptane or pentane. 

[0026] 

The molecular weight of component (A) is not subject to special restrictions, but in terms 
of tho physical properties of oured paint film such as the durability expected of the cured 
composite of this invention (hereafter called "paint film physical properties"), the number 
average molecular weight is preferably 1,500 to 40,000 and more preferably 3,000 to 25,000. 
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[0027] 

Component (A) also must have an adequate number of cross-linkable hydroxyl groups. In 
terms of strength and durability, the hydroxyl group value is preferably 10 to 300 mg KOH/g and 
more preferably 30 to 150 mg KOH/g. In addition, the acid value is preferably 5 to 120 mg 
KOH/g, more preferablylO to 80 mg KOH/g, and still more preferably 20 to 60 mg KOH/g. 
When the acid value is less than 5 mg KOH/g, the epoxy resin is inadequately cross-linked, 
while when this is greater than 120 mg KOH/g, the composite has reduced storage stability. 

[0028] 

Component (A) may be used as one type alone or two or more types together. 

[0029] 

(B) Alkoxvsilvl group containing acrylic copolymer 

Component (B) in this invention is a compound that has at least one and preferably two 
or more alkoxysilyl groups represented by the following formula per molecule: 

[0030] 

[Chemical 4] 

[see original for chemical] 

(where R 1 is an alkyl group with 1 to 10 carbon atoms or a phenyl group. R 2 is a hydrogen atom 
or a monovalent hydrocarbon group selected from a group comprised of alkyl groups with 1 to 
10 carbon atoms, aryl groups with 1 to 10 carbon atoms, and aralkyl groups with 1 to 10 carbon 
atoms, and a is 0, 1, or 2) 

[0031] 

The alkoxysilyl group represented by the above formula may be contained in component 
(B) on a main chain end group, on a side chain, or on both an end group and a side chain. 

[0032] 

When the number of carbon atoms of R 1 is greater than 10, the alkoxysilyl group 
becomes less hydrolyzable. 

[0033] 

Concrete examples of R 1 are methyl group, ethyl group, n-propyl group, isopropyl group, 
n-butyl group, isobutyl group, and phenyl group. 

[0034] 

Concrete example of alkyl groups in R 2 are the same alkyl groups as cited in the 
explanation of R l , a concrete example of an aiyl group is phenyl group, and a concrete example 
of an aralkyl group is benzyl group. 

[0035] 

Concrete examples of alkoxysilyl groups represented by the above formula are the 
alkQxygtiyl groups contained in the alkoxysilyl group containing monomers described below (see 
[Chemicals 5] and [Chemicals 6]). 
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[0036] 

Because the main chain of component (B) is comprised substantially of an acrylic 
copolymer, the cured product obtained has superior properties such as weather resistance, 
chemical resistance, and moisture resistance. In addition, because the alkoxysilyl groups are 
bonded directly to carbon atoms, the cured product has superior properties such as moisture 
resistance, alkali resistance, and acid resistance. 

[0037] 

In terms of paint film physical properties obtained by the thermosetting overcoat paint 
composite of this invention, the number average molecular weight of component (B) is 
preferably within a range of 1 ,000 to 30,000 and more preferably within a range of 3,000 to 
25,000. 

[0038] 

When the above-mentioned number average molecular weight is less than 1,000, it tends 
to cause the problem of reduced curing, and when this is greater than 3,000, it tends to cause the 
problem of reduced storage stability. 

[0039] 

Alkoxysilyl group containing acrylic copolymer (B) can be obtained, for example, by 
copolymerizing acrylic acid, methacrylic acid, or their derivative [bl] and alkoxysilyl group 
containing monomer [b2]. 

[0040] 

The above-mentioned acrylic acid or methacrylic acid derivative [bl] is not subject to 
special restrictions, and concrete examples include hydroxyalkyl esters of a,P-ethylene 

unsaturated carboxylic acids such as methyl (meth)acrylate, ethyl (meth)acrylate t butyl 
(meth)acrylate, 2-ethylhexyl (meth)acrylate, stearyl (meth)acrylate, benzyl (meth)acrylate, 
cyclohexyl (meth)acrylate, trifluoroethyl (meth)acrylate, pentafluoropropyl (meth)acrylate, 
perfluorocyclohexyl (meth)acrylate, (meth)acrylonitrile, glycidyl (meth)acrylate, 
dimethylaminoethyl (meth)acrylate, cx-ethyl (meth)aciylamide, N-butoxymethyl 
(meth)aciylamide, N,N-dimethyl (meth)acrylamide, N-methyl acrylamide, acryloyl morpholine, 
2-hydroxyethyl (meth)aciylate, 2-hydroxypropyl (meth)acrylate f N-methylol (meth)acrylamide, 
Acronic M-570 manufactured by Toa Synthetic Chemical Industries, the macromonomers AS -6, 
AN-6> AA-6, AB-6, and AK-5 manufactured by Toa Synthetic Chemical Industries, and Placcel 
FA-1, Placcel FA-4, Placcel FM-1, and Placcel FM4 manufactured by DaiceU phosphoric ester 
group containing vinyl compounds that are condensation products of phosphoric acid or 
phosphoric esters; and (meth)acrylates that contains a urethane bond or siloxane bond. 

[0041] 

The above-mentioned alkoxysilyl group containing monomer [b2] is not subject to 
speeial restrictions other than that it has apolymeriz&ble duple bond, aAd concrete examples are 
the compounds represented by the following formulae. Also included are compounds such as 
(meth)acrylates that have an end group alkoxysilyl group by way of a urethane bond or siloxane 
bond. 
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[0042] 

[Chemicals 5] 

[see original for chemical] 

[0043] 

[Chemicals 6] 

[see original for chemical] 

(n is an integer from 0 to 20) 

[0044] 

The percentage of the part formed by alkoxysilyl group containing monomer [b2] in 
component (B) is a range from 5 to 90%, but in terms of composite curing and paint film 
physical properties, a range from 1 1 to 70% is more preferred. 

[0045] 

Component (B) may contain a part formed by a urethane bond or siloxane bond on the 
main chain within a range that does not exceed 50 wt%, and may contain a part derived from 
monomers other than (meth)acrylic acid derivatives [b3], also within the same range. 

[0046] 

There are no restrictions on monomers other than (meth)aciylic acid derivatives [b3], and 
concrete examples include aromatic hydrocarbon vinyl compounds such as styrene, a-methyl 

styrene, chlorostyrene, styrene sulfonate, 4-hydroxystyrene, or vinyl toluene; unsaturated 
carboxylic esters that include unsaturated carboxylic acids such as maleic acid, fumaric acid, or 
itaconic acid and salts of these (such as alkali metallic salts, ammonium salts, or amine salts), or 
diesters or half-esters of these and straight-chain or branching alcohols with 1 to 20 carbon 
atoms; vinyl esters or ally compounds such as vinyl acetate, vinyl propionate, or diallyl 
phthalate; amino group containing vinyl compounds such as vinylpyridine or aminoethyl vinyl 
ether; amido group containing vinyl compounds such as itaconic diamide, crotonamide, maleic 
diamide, fumaric diamide, or N-vinylpyrrolidone; and other vinyl compounds such as 2- 
hydroxyethyl vinyl ether, methyl vinyl ether, cyclohexyl vinyl ether, vinyl chloride, vinylidene 
chloride, chioroprene, propylene, butadiene, isoprene, fluoroolefin maleimide, N- vinyl 
imidazole, or vinyl sulfonate. Component (B) can be manufactured, for example, by the methods 
disclosed by sources such as Japan Unexamined Patent Nos. 54-36395, 57-36109, and 58- 
1 57810, but in terms of points such as easy synthesis, manufacturing by solution polymerization 
using a azo type radical initiator such as azobisisobutyronitrile is most preferred. 

[0047] 

During this solution polymerization, as required, molecular weight may be adjusted using 
a chain transfer agent such as n-dodecyl mercaptan, t-dodecyl mercaptan, n-butyl mercaptan, y- 

mercaptopropyl triethoxysilane, y-mcrcaptopropyl tximethoxysilane, y-mercaptopropyl 
methyldiethoxysilane, or compound represented by the following [Chemical 7]. Preferably, a 
chain transfer agent that has an intramolecular alkoxysilyl group such as y-mercaptopropyl 
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trimethoxysilane is used and the part consumed during the reaction is continuously replenished 
such that an alkoxysilyl group can be introduced into the end group of the silyl group containing 
acrylic copolymer simultaneously with adjusting molecular weight 

[Chemical 7] 

[see original for chemical] 

[0048] 

For the solvent used when manufactured by the above-mentioned solution 
polymerization, a solvent such as a hydrocarbon (such as toluene, xylene, n-hexane, or 
cyclohexane), acetic ester (such as ethyl acetate or butyl acetate), ether (such as ethylene glycol 
monoethyl ether, ethylene glycol mono-n-butyl ether, or ethylene glycol monoethyl ether 
acetate), or ketone (such as methyl ethyl ketone, ethyl acetoacetate, acetyiacetone, methyl 
isobutyl ketone, or acetone) can be used with no special restrictions so long as it is a solvent that 
is inert to the base material monomers. 

[0049] 

Component (B) may be used as one type alone or two or more types together. The blend 
ratio between the above-mentioned component (A) and component (B) is not subject to special 
restrictions, but preferably the ratio by weight of component (A) to component (B) is within a 
range from 9/1 to 1/9 and more preferably within a range from 8/2 to 2/8. 

[0050] 

When the above-mentioned component ratio is greater than 9/1, it tends to reduce the 
paint film durability expected of the composite of this invention, while when this ratio is less 
than 1/9, it tends to be inadequate for obtaining the effect of containing component (A). 

[0051] 

(O Reactive organop nlygilovane 

Component (C) in this invention is a component used for purposes such as to impart 
water repellence to paint film, maintain shedding of water (such as shedding of water after 
weathering tests), and prevent contaminants such as dirt from adhering. So long as it is miscible 
with component (A) and component (B), any such compound can be used with no special 
restrictions. 

[0052] 

Component (C) may be any structure such as a linear, branching, lattice , or cyclic 
structure. Examples of organo groups (organic groups) include alkyl groups (such as methyl 
group, ethyl group, propyl group, butyl group, or hexyl group), alkenyl groups, aryl groups, allyl 
groups, and phenyl group. Of these, compounds that have an organo group such as methyl group, 
vinyl group, or phenyl group are useful for application in terms of being inexpensive to 
manufacture industrially. 

[0053] 

Examples of the above-mentioned reactive functional groups include silanol group, 
alkoxysilyl group, alcoholic hydroxyl group, glycidyl group, amino group, mercapto group, 
carboxyl group, amide group, vinyl group, and (meth)acryloxy group. Of these, silanol group, 
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alkoxysilyl group, and alcoholic hydroxyl groups represented by the following formula 
[Chemical 8] are preferred: 

[Chemical 8] 

[see original for chemical] 

(n is an integer from 1 to 1 0) 

[0054] 

The number of reactive functional groups is preferably one or more per molecule of 
reactive organopolysiloxane (C). 

[0055] 

Regarding the molecular weight of component (C), it can be said that generally this can 
be selected within a range that is miscible with component (A) and component (B), but as 
molecular weight increases, this tends to reduce the above-mentioned miscibility. 
[0056] 

For the number of silicon atoms contained per molecule, 2 to 300 atoms are preferred, 2 
to 100 atoms are more preferred, and 3 to 50 atoms are especially preferred, 

[0057] 

Concrete examples of reactive organopolysiloxane (C) are cited below. 

[0058] 

The following [Chemicals 9] and [Chemicals 10] represent examples that have an 
alkoxysilyl group as the reactive functional group. 

[Chemicals 9] 

[see original for chemical] 
« 

(where R is a monovalent group selected from a group comprised of phenyl group, alkyl groups 
with 1 to 4 carbon atoms, and hydroxyl group, and 1, m, and n are integers from 1 to 5) 

[see original for chemical] 

(where n is an integer from 2 to 20) 

[0059] 

[Chemicals 10] 

[see original for chemicals] 

(where m and n arc integers from 1 to 10) 

(where R is straight-chain or branching CmH^m (m is an integer from 1 to 10), and n is an integer 

from 2 to 10) 

[0060] 

The following [Chemicals 11] represent examples that have a silanol group as the 
reactive functional group. 
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[Chemicals 11] 

[see original for chemicals] 

(where Me is methyl group, Ph is phenyl group, R is a phenyl group, allcyl group with 1 to 4 
carbon atoms, pr hydroxy] group, and.m an<Ln.are integers from 1-to 50) 

[0061] 

The following [Chemicals 12] are examples that have other reactive functional groups, 

[Chemicals 12] 

[see original for chemicals] 

(where X is an organic functional group selected from the following [Chemicals 1 3], R is a 
methyl group, phenyl group, or C6H5CH2CH2- group, and n and m are integers from 1 to 50) 

[0062] 

[Chemicals 13] 

[see original for chemicals] 

(where R and R f are hydrocarbon groups represented by C n H2n and R" is a hydrocarbon group 
represented by CJkn-i; however, n in both is an integer from 1 to 10, and these may be 

branching or straight-chain) 

[0063] 

The following [Chemicals 14] and [Chemicals 15] are examples that are copolymerizabie 
with component (A) or component (B): 

[Chemicals 14] 

[see original for chemicals] 

(where n is an integer from 1 to 50) 

(where R is methyl group, phenyl group, or C6H 5 CH 2 CHx_ group, and n is an integer from 1 

to50) 

[0064] 

[Chemicals 15] 

[see original for chemicals] 

(where Me indicates methyl group) 

[0065] 

Component (C) may be used as one type alone or two or more types together. The blend 
ratio of component (C) is normally 0.01 to 100 parts by weight (hereafter abbreviated "parts") 
and preferably 0.05 to 50 parts per 100 parts total solid parts component (A) and component (B). 
When the above-mentioned blend ratio is less than 0.05 part, it is difficult to achieve adequate 
properties such as water repellence, and when this ratio is greater than 50 parts, it causes 
problems on points such as miscibility and water shedding. 
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[0066] 

fD) Epoxy resin 

Examples of resins that can be used as component (D) in this invention are flame- 
resistant epoxy resins such as epichlorhydrin-bisphenol A type epoxy resins, .epichlorhydrin- 
bisphenol F type epoxy resins, or tetrabromobisphenol A glycidyl ether, Novolak type epoxy 
resins, hydrogenated bisphenol A type epoxy resins, bisphenol A propylene oxide added glycidyl 
ether type epoxy resins, p-oxybenzoic glycidyl ether ester type epoxy resins, m-aminophenol 
epoxy resins, diamino diphenyl methane type epoxy resins, urethane-modified epoxy resins 
various alicyclic epoxy resins, polyvalent alcohol glycidyl ethers such as N,N-diglycidyl aniline 
N,N-diglycidyl-o-toluidine, triglycidyl isocyanurate, polyalkylene glycol diglycidyl ether, or 
glycerin, hydantoin type epoxy resins, and unsaturated polymer epoxylated resins such as 
mineral oil resins. However, component (D) is not limited to these, and any generally used epoxy 
resins can be used. Of these epoxy resins, epoxy resins that contain at least two epoxy resins 
represented by the following formula: 

[Chemical 16] 

[see original for chemical] 

per molecule are especially preferred on points such as high reactivity during curing and ease of 
producing a cured product that is a three-dimensional lattice. 

[0067] 

The number average molecular weight of component (D) is preferably within a range 
from 150 to 10,000 and more preferably within a range from 170 to 5,000. 

[0068] 

When the above-mentioned number average molecular weight is less than 1 50, it tends to 
produce the problem of reducing curing, and when this exceeds 10,000, it tends to produce the 
other problem of inferior miscibility. 

[0069] 

The blend ratio of component (D) is preferably 1 to 1 00 parts and still more preferably 5 
to 30 parts per 100 parts total solid resin parts component (A) and component (B). when the 
above-mentioned blend ratio is less than 1 part, it has little effect in achieving recoating density, 
and when this ratio is greater man 100 parts, it tends to produce problems on points such as 
weather resistance and storage stability. 

[0070] 

The effect of this invention is mat by coating the composite of this invention on a coating 
object, it forms a curedproduct (paint film) that has a good balance between water repellence on 
said coating object and recoating density. However, this effect is first achieved by the four 
components of component (A), component (B), component (C), and component (D). 
[0071] 

That is, a composite comprised of the three components of component (A), component 
(B), and component (C) has superior water repellence, but has problems in terms of recoating 
density. However, by blending this with epoxy resin (D), not only is density improved, but water 
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repellence also can be increased. 
[0072] 

Other components 

To shorten curing tyne, a curing catalyst may be blended with the -thermosetting overcoat 
paint composite of this invention. 

[0073] 

Concrete examples of curing catalysts in this case are organic tin compounds such as 
dibutyltin dilaurate, dibutyltin difumarate, dioctyltin dilaurate, dioctyltin dimaleatc, dioctyltin 
dimaieate polymer, or tin octanoate; phosphoric acid or phosphoric esters such as phosphoric 
acid, monomethyl phosphate, monoethyl phosphate, monobutyl phosphate, monooctyl 
phosphate, monodecyl phosphate, dimethyl phosphate, diethyl phosphate, dibutyl phosphate, 
dioctyl phosphate, or didecyl phosphate; epoxy compounds and phosphoric acid and/or 
monoacidic phosphoric ester addition products such as such as propylene oxide, butylene oxide, 
cyclohexene oxide, glycidyl methacrylate, glycidol, acrylic glycidyl ether, yglycidoxypropyl 
trimethoxysilane, ^glycidoxypropyl trimethoxysilane, Y-glycidoxypropyl triethoxysilane, 
compounds represented by the following [Chemical 17], Cardura E manufactured by Yuka Shell 
Epoxy, and Epicote 828 or Epicote 1001 manufactured by same; organic titanate compounds; 
organic aluminum compounds such as tris(ethylacetoacetato)aluminum or 
tris(acetylacetonato)aluminum; organic zirconium compounds such as tetrabutyl zirconate or 
tetracis(acetylacetonato)zirconium, tetraisobutyl dizirconate, or 

butoxytris(acetylacetonato)zirconium; acidic compounds such as maleic acid, adipic acid, azelaic 
acid, sebacic acid, itaconic acid, ascorbic acid, succinic acid, phthalic acid trimellitic acid, 
pyromellitic acid, anhydrides of these, or paratoluenesulfonic acid; mixtures or reaction products 
of these amines and acidic phosphoric esters, such as Nacure 5225, Nacure 5543, or Nacure 5925 
manufactured by King Industries; and alkaline compounds such as sodium hydroxide or 
potassium hydroxide. 

[Chemical 17] 

[see original for chemical] 

[0074] 

Of the examples of curing catalysts given above, organic tin compounds, acidic 
phosphoric esters, mixtures or reaction products of acidic phosphoric esters and amines, 
saturated or unsaturated polyvalent carboxylic acids or their anhydrides, reactive silicon 
compounds, organic titanate compounds, organic aluminum compounds, organic zirconium 
compounds, or mixtures of two or more types of these are preferred for their high reactivity. 

[0075] 

The above-mentioned curing catalysts may be used as one type alone or two or more 
types together. The content of curing catalyst is not subject to special restrictions, but normally is 
preferably a range of 0.1 to 20 parts and more preferably a range of 0. 1 to 10 parts per 100 parts 
total weight solid resin parts component (A) and component (B). When the content of curing 
catalyst is less than 0.1 part, it tends to reduce curing, and when this content is greater than 20 
parts, it tends to impair paint film appearance. Therefore, both extremes are undesirable. 
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[0076] 

In addition, the thermosetting composite of this invention normally is used mixed with 
solvent Solvents that can be used are not subject to special restrictions so long as they are 
nonreactive solvents, and concrete examples include alicyclic hydrocarbons, halogenated 
-hydrocarbons, alkyl alcohols, ketones, esters/ethereralcohol esters, ketone alcohols, etfife'r 
alcohols, ketone ethers, ketone esters, and ester ethers generally used for paints and coatings. Of 
these, alkyl alcohols are preferred on the point that they improve storage stability of the 
composite. 

[0077] 

Preferred examples of the above-mentioned alkyl alcohols are alkyl alcohols in which the 
alkyl group has 1 to 10 carbon atoms; for example, methyl alcohol, ethyl alcohol, n-propyi 
alcohol, isopropyl alcohol, n-butyl alcohol, isobutyl alcohol, s-butyl alcohol, t-butyl alcohol, n- 
amyl alcohol, isoamyl alcohol, hexyl alcohol, octyl alcohol, and ethylene glycol monoether 

[0078] 

Solvents in this invention may be used as one type alone or two or more types together. 

[0079] 

The content of alcohol as solvent is not subject to special restrictions, but is preferably 50 . 
parts or less and more preferably 10 parts or less per 100 parts total weight solid resin parts 
component (A) and component (B). 

[0080] 

Generally, solvent content differs depending on the molecular weight of each of 
component (A) and component (B) and the composition ratio of the two, and is adjusted together 
with the solid part concentration and viscosity required for application. 

[0081] 

In addition, to assure storage stability that causes no problems in repeated use over a long 
period, the thermosetting composite of this invention preferably contains a dehydrating agent. 

[0082] 

Concrete examples of dehydrating agents that can be used are hydrolyzable ester 
compounds such as methyl orthoformate, ethyl orthoformate, methyl orthoacetate, ethyl 
orthoacetate, methyl trimethoxysilane, y-methacryloxypropyl trimethoxysilane, vinyl 
trimethoxysilane, methyl silicate, or ethyl silicate. 

[0083] 

Dehydrating agents may be added before polymerizing component (B), after 
polymerizing, or during polymerizing. 

[0084] 

The amount of dehydrating agents added is not subject to special restrictions, but is 
preferably 1 00 parts or less and more preferably 50 parts or less per 100 parts total weight solid 
resin parts component (A) and component (B). 
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[0085] 

Storage stability can be markedly improved by using the above-mentioned alkyl alcohols 
and dehydrating agents together. 

10086] 

Depending on the application, the thermosetting overcoat paint composite of this 
invention may contain additives such as diluting agents, pigments such as volume pigments, 
ultraviolet radiation absorbers, light stabilizers, anti-precipitation agents, or leveling agents; 
fibers such as nitrocellulose or cellulose acetate butyrate ; resins such as melamine resin, vinyl 
chloride resin, chlorinated polypropylene, chloride rubber, or polyvinyl butyral; or fillers. 

[0087] 

After coating the thermosetting overcoat paint composite of this invention onto a coating 
object by any of several standard coating methods such as immersing, spraying, or brush-coating, 
by curing at normally 30°C or higher and preferably 55 to 350°C, this composite can form a 

cured paint film that has superior properties such as water repellence on the coating object 
surface* recoating density, and durability. 

[0088] 

[Working Examples] 

Below, this invention is explained in greater detail based on working examples, but this 
invention is not in any way limited to the following working examples, and can be reduced to 
practice by modifying appropriately within a range that does not violate its essence. 

[0089] 

Synthesis Example 1 (synthesis of carboxvl group containing acrylic polvol (A-U 

A reactor fitted with an agitator, thermometer, reflux condenser, nitrogen gas introduction 
tube, and dropping funnel was charged with 3 1 .3 parts butyl acetate and 9.5 parts xylene as 
polymerization solvents and heated to 1 10°C while introducing nitrogen gas by the nitrogen gas 

introduction tube, then a blend with the composition shown in the following [Table 1] was 
dropped in by the dropping funnel at a constant speed over a period of 5 hours. After dropping 
the above-mentioned blend was completed, 0.2 part 2,2'-azobisisobutyronitrile and 3.8 parts 
toluene were dropped in over a period of 1 hour. Next, the system was reacted at 1 10°C for 2 

hours, then cooled. Xylene was added to the resin solution to adjust the solid part concentration 
to 60%, and carboxyl group containing acrylic polyol (A-l) was obtained. This polymer (A-l) 
had a hydroxyl value of 1 12 (mg KOH/g solid), number average molecular weight of 10,500, and 
acid value of 55 (mg KOH/g solid). 

[0090] 

Synthesis Example 2 (synthesis of carboxvl group containing acrylic polvol (A-2V* 

The same reactor as in Synthesis Example 1 was charged with 31.3 parts butyl acetate 
and 9*5 ports as polymerization solvents and heated to 1 10°C while introducing nitrogen gas by 
the nitrogen gas introduction tube, then a blend with the composition shown in the following 
[Table 1 ] was dropped in by the dropping funnel at a constant speed over a period of 5 hours. 
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After dropping the above-mentioned blend was completed, 0.2 part 2,2'-azobisisobutyronitrile 
and 3.8 parts toluene were dropped in over a period of 1 hour. Next, the system was reacted at 
1 10°C for 2 hours, then cooled Xylene was added to the resin solution to adjust the solid part 
concentration to 60%, and carboxyl group containing acrylic polyol (A-2) was obtained. This 
polymer (A-2) had a hydroxyl value of 1 12 (mg KOH/g solid), nurntfcr average molecular 
weight of 1 0,200, and acid value of 3 1 (mg KOH/g solid). 

[0091] 

Synthesis Example 3 (s ynthesis of alkoxvsilvl group containing acrvlic nolvol 

The same reactor as in Synthesis Example 1 with 45.9 parts was charged with xylene as 
polymerization solvent and heated to 1 1 0°C while introducing nitrogen gas by the nitrogen gas 
introduction tube, then a blend with the composition shown in the following [Table 1] was 
dropped in by the dropping funnel at a constant speed over a period of 5 hours. After dropping 
the above-mentioned blend was completed, 0.5 part 2^'-azobisisobutyronitriIe and 5 parts 
toluene were dropped in over a period of 1 hour. Next, the system was reacted at 1 10°C for 2 
hours, then cooled, xylene was added to the resin solution to adjust the solid part concentration to 
60%, and alkoxysilyl group containing acrylic polyol (B-l) was obtained. This polymer (B-l) 
had a number average molecular weight of 6,100. 

[0092] 

Synthesis Example 4 ( synthesis of alkoxvsilvl group containing acrvlic polvol (E-2W 

The same reactor as in Synthesis Example 1 was charged with 45.9 parts xylene as 
polymerization solvent and heated to 1 10°C while introducing nitrogen gas by the nitrogen gas 
introduction tube, then a blend with the composition shown in the following [Table 1] was 
dropped in by the dropping funnel at a constant speed over a period of 5 hours. After dropping 
the above-mentioned blend was completed, 0.5 part 2,2*-azobisisobutyronitrile and 5 parts 
toluene were dropped in over a period of 1 hour. Next, the system was reacted at 1 10°C for 2 
hours, then cooled, xylene was added to the resin solution to adjust the solid part concentration to 
60%, and alkoxysilyl group containing acrylic polyol (B-2) was obtained. This polymer (B-2) 
had a number average molecular weight of 6,000. 
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[0093] 
[Table 1] 





Synthesis Examples 


1 (A-l) 


-2<A--2) 


r3(A-3) 




xylene 


18.0 


18.0 


13.5 


13.5 


styrene 






12.8 


12.8 




11.7 


9.7 


40.4 


32.8 


li'uuiyi oCiyialc 


32.5 


32.5 








48.8 


48.8 






FM 0711 (*2\ 




5.0 




5.0 


■jiwcujri jjiwuiiivijf lolw 






6.9 


6.9 


y-methacryloxypropyl trimethoxysilane 






39.9 


47.5 


acrylic acid 


7.0 


4.0 






2,2 -azobisisobutyronitrile 


1.8 


1.8 


4.5 


4.5 


number average molecular weight 


10500 


10200 


6100 


6000 


hydroxyl group value (mg KOH/g solid) 


112 


112 






acid value (mg KOH/g solid) 


55 


31 







(*1) 2-hydroxyethyl methacrylate:e-caprolactone =1:1 (ratio by weight) reaction product 
(manufactured by Daicel) 



(♦2) compound represented by the following formula (manufactured by Chisso Petrochemical): 
[see original for chemical] 

[0094] 

Working Examples 1 tn 8 and Comparative Examples 1 tr> 4 

The components (components (A) to (D)) shown in the following [Table 2] and [Table 3] 
were blended at the ratios by solid resin parts shown in the same tables, and clear topcoat paints 
were prepared. For the test pieces, soft steel plates were treated by degreasing and oxidizing, 
then coated with an automotive epoxy made type canonic clectrophoretic primer and an 
intermediate coat surfacer. After coating a commercial acrylic melamine resin paint (silver 
metallic base) onto these, the above-mentioned clear topcoat paints with Tinubin 900 
(benzotriazole ultraviolet absorber manufactured by Ciba-Geigy) and Tinubin 292 (hindered 
«unin« light stabilizer manufactured by Ciba-Cteigy) added and diluted with xylene to a sprayablc 
viscosity were coated by the wet-on-wet method and baked at 140°C for 30 minutes. At this 
time, the dried film thickness of the base coat was approximately 15 um and the dried film 
thickness of clear topcoat paint was approximately 30 \xm. 
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[0095] 

The painted pieces obtained were tested by the methods indicated below for © contact 
angle with water, <D recoating density, ® moisture resistance, and© acid resistance The results 
also are shown in [Table 2] and [Table 3]. 

[0096] 

© Contact angle 

Using a model CA-P face contact angle meter (manufactured by Kyowa Kaimen 
Kagaku), each painted product was measured for contact angle with water initially and after 
subjecting to a weathering test The weathering test used a Yubucon [as transliterated] 
manufactured by Atlas, and was an accelerated test for a total of 1400 hours of cycles each of 
which consisted of 8 hours exposure to ultraviolet radiation at 70°C hours and 4 hours exposure 
to water condensation (darkness) at 50°C. 
[0097] 

@ Recoating densj j ry 

After further coating each of the above-mentioned painted pieces coated with an acrylic 
melaminc resin paint (silver metallic base), the above-mentioned clear acrylic paints were coated 
by the wet-on-wet method and baked at 140°C for 30 minutes. After baking, the painted pieces 
were tested by the crosscut test method stipulated in JIS K5400. 25/25 was evaluated as 10 
points and 0/25 was evaluated as 0 points. 

[0098] 

© Moisture resistance 

Using the recoated test pieces, these were immersed in 40°C hot water for 10 days, 
removed, then investigated for change in appearance and density, 
(evaluation criteria) 

appearance: absolutely no flat spots, whitening, or blisters: O 

some flat spots, whitening, and blisters found: A 

marked flat spots, whitening, and blisters: X 
density: as stipulated in the recoating density test 
[0099] 

® Acid resistance 

The status of the paint film was investigated after spotting with approximately 0.2 mL 
40% H 2 S0 4 and heating to 60°C for 30 minutes. 

(evaluation criteria) 

no abnormalities: O 
some reduction in gloss and spot traces found: A 
paint film swelling or dissolving found: X 
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[0100] 
[Table 2] 









Working Examples 
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2 
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' 4 


• y 




- 
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Component 
(A) 


A-l 


40 


40 


40 


40 










A-2 










50 


50 


50 




Component 
(B) 


B-l 


60 


60 


60 


60 










B-2 










50 


50 


so 

JV 


JU 


Component 
(C) 


PS-340 


0.3 


0.3 


0.3 


0.3 










SH6018 










15 


15 


i -> 


i < 
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Component 
(D) 


Epolite 100MF 


5 


10 


20 


30 










Epolite 4000 










5 


10 


20 


30 




contact 
angle 


initial 


85 


86 


86 


85 


86 


87 


87 


86 


Paint Film 
Properties 


after weathering test 


76 


79 


80 


77 


76 


79 


81 


78 


recoating c 


ensiry 


8 


10 


10 


10 


8 


9 


10 


10 


moisture 
resistance 


change in appearance 


O 


O 


O 


O 


O 


O 


O 


O 




density 


10 


10 


10 


9 


10 


10 


10 


10 




acid resistance 


o 


O 


O 


O 


O 


O 


O 


O 



PS-340: manufactured by Chisso Petrocheniical Co., Ltd. 

silanol organopolysilane end group (molecular weight: 700) 
[see original for chemical] 
SH 6018: manufactured by Toray Silicone Co., Ltd. 
[see original for chemical] 
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[0101] 
[Table 3] 





Comparative Examples 
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Component 
(A) 


A-l 


40 


40 






A-2 






50 


50 


Component 
(B) 


B-l 


60 


60 






B-2 






50 


50 


Component 
(C) 


PS-340 




0.3 






SH6018 










Component 
(D) 


Epolite 100MF 










Epolite 4000 










Paint Film 
Properties 


contact 
angle 


initial 


78 


86 


86 


86 


after weathering test 


56 


74 


74 


75 


recoating c 


ensity 


10 


0 


0 


0 


moisture 
resistance 


change in appearance 


O 


O 


O 


O 


density 


10 


0 


0 


0 


acid resistance 


O 


o 


O 


O 



Epolite 100MF: trimethylolpropane triglycidyl ether manufactured by Kyoeisha Oil and Fat 
Chemistry Co., Ltd. 

[see original for chemical] 

Epolite 4000: hydrogenated bisphenol A diglycidy 1 ether manufactured by Kyoeisha Oil and Fat 
Chemistry Co., Ltd, 

[see original for chemical] 

[0102] 

From [Table 2] and [Table 3], it can be seen that the thermosetting overcoat paint 
composite with which this invention is concerned has little reduction in contact angle even after 
subjecting to a weathering test, and superior recoating density. 

[0103] 

[Effects of the Invention] 

The thermosetting overcoat paint composite with which this invention is concerned offers 
effects peculiar to this invention such as a superior balance in physical properties between 
retention of water repellence and recoating density. 
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